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isolated DK& sequence capable of serving as regulatory 
•lament in a chimeric gene which can be used tor the 
transformation of plants. 
The present invention relates to the use of a 
5 regulator? element isolated from transcribed plant 
genes, of new chimeric genes containing them and to 
their use for the transformation of plants* 

Numerous phenotypie characters associated 
with the expression cf one or acre gene elements can he 
10 integrated into the genome of plants and thus confer on 
these transgenic plants advantageous agronomic 
properties, in a nonexhaustive manner/ there may be 
mentioned: the resistances to pathogenic agents for 
crops, the resistance to phytotoxic plant -protect ion 
15 products , the production cf substances of dietary or 
pharmacological interest. In addition to the isolation 
and characterisation of the gene elements encoding 
these various characters, an appropriate expression 
should be ensured. This appropriate expression may be 
20 situate* moth at the qualitative and quantitative 
levels. At the qualitative level, for example the 
spatial level: preferential expression in a specific 
tissue, or temporal level? inducible expression; at the 
quantitative level, by the accumulated quantity of the 
25 product of expression of the gene introduced. This 
appropriate expression depends, for a large part, on 
the presence of regulatory gene elements associated 
with the transgenas, in particular as regards the 
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quantitative and qualitative elements* Among the key 
elements ensuring this appropriate regulation, the use 
of single or combined homologous or heterologous 
promoter elements has been widely described in the 
5 scientific literature. The use of a regulatory element 
downstream of the transgene was used for the sole 
purpose of putting a boundary which makes it possible 
to stop the process of transcription of the transgene, 
without presupposition as to their role as regards the 
10 quality or the quantity of the expression of the 
transgene. 

The present invention relates to the use of 
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€l an intron x isolated from plant genes as a regulatory 

s 

element, of new chimeric genes containing them and to 
15 their use for the transformation of plants. It relates 

ill 

H to an isolated DNA sequence capable of serving as a 

D 

, regulatory element in a chimeric gene which can be used 

for the transformation of plants and allowing the 
expression of the product of translation of the 

20 chimeric gene in particular in the regions of the plant 
undergoing rapid growth, which comprises, in the 
direction of transcription of the chimeric gene, at 
least one intron such as the first intron (intron l) of 
the noncoding 5' region of a plant histone gene* It 

25 relates more particularly to the simultaneous use of 
the intron 1 as a regulatory element and of promoters 
isolated from the same plant gene, it allows the 
appropriate expression, both quantitative and 
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qualitative, of the transgenes under the control of 
these elements for gene regulation* This appropriate 
expression, obtained by the use of the present 
invention, ma; relate to characters such as; the 
5 resistance to pathogenic agents for crops, the 

resistance to phytotoxie plant-protection products, the 
production of substances of dietary or pharmacological 
interest, in particular, it makes it possible to confer 
on the transgenic plants an enhanced tolerance to 
S 10 herbicides by a qualitative and quantitative 

preferential expression of the product of expression of 

uJ 

00 the chimeric genes in the regions of the plant 

Ly 

yj undergoing rapid growth. This specific appropriate 

j\ expression of the gene for herbicide resistance is 

ftJ is obtained by the simultaneous use of the promoter 

M regulatory elements and of at least one intron 1 of the 

r! histone gene of the ?, H3*3- like 11 type as regulatory 

element, such a pattern of expression can be obtained 
for all the characters which are of interest, as 
20 described above, with the regulatory elements used to 
confer an enhanced herbicide tolerance. The present 
invention also relates to the plant cells transformed 
with the aid of these genes and the transformed plants 
regenerated from these cells as well as the plants 
25 derived from crossings using these transformed plants. 

Among the plant-protection products used for 
the protection of crops, the systemic products are 
characterised in that they are transported in the plant 



after application and, for son* of then, accumulate in 
the parts undergoing rapid growth, especially the 
caulinary and root apices, causing, in the case of 
herbicides, deterioration, up to the destruction, of 
the sensitive plants. For some of the herbicides 
exhibiting this type of behaviour, the primary mode of 
action is Xnown and results from inactivation of 
characterised ensymes involved in the biosynthesis 
pathways of compounds required for proper development 
of the target plants. The target ensymes of these 
products may be located in various subcellular 
compartments and observation of the mode of action of 
known products most often shows a location in the 
plastid compartment. 

Tolerance of plants sensitive to a product 
belonging to this group of herbicides, and whose 
primary target is Xnown, may be obtained by stable 
introduction, into their genome, of a gene encoding the 
target enzyme, of any phylogenetic origin, mutated or 
otherwise with respect to the characteristics of 
inhibition, by the herbicide, of the product of 
expression of this gene, another approach comprises 
introducing, in a stable Banner, into the genome of 
sensitive plants a gene of any phylogenetic origin 
encoding an ensyme eapable of metabolizing the 
herbicide into a compound which is inactive and 
nontoxic for the development of the plant, in the 
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latter case, it i* not necessary to have characterized 
the target of the Herbicide. 

Given the mode of distribution and 
accumulation of products of this type in the treated 
5 plants, it is advantageous to be able to express the 
product of translation of these genes so as to allow 
their preferential expression and their accumulation in 
the regions of the plant undergoing rapid growth where 
these products accumulate. Furthermore, and in the case 

19 where the target of these products is located in a 
cellular compartment other than the cytoplasm, it is 
advantageous to be able to express the product of 
translation of these genes in the form of a precursor 
containing a polypeptide sequence allowing directing of 

15 the protein conferring the tolerance into the 

appropriate compartment/ and in particular in the 
p last id compartment* 

By way of example illustrating this approach, 
there may be mentioned glyphosate, sulfosate or 

20 fosametine which are broad-spectrum systemic herbicides 
of the phosphonomethylglycine family, they act 
essentially as competitive inhibitors, in relation to 
PEP (phosphoenolpyruvate) , of S-enolpyruvylahikimata-3- 
phosphate synthase (BPSPS, EC 2.5.1.19). After their 

2S application to the plant, they are transported into the 
plant where they accumulate in the parts undergoing 
rapid growth, especially the caulinary and root apices, 
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causing the deterioration/ up to the destruction, of 
the sensitive plants. 

SPSPS, the principal target of these 
products, is an enzyme of the pathway of biosynthesis 
5 of aromatic amino acids which is located in the plastid 
compartment. This enzyme is encoded by one or more 
nuclear genes and is synthesized in the form of a 
cytoplasmic precursor and then imported into the 
plastids where it accumulates in its mature form. 

10 The tolerance of plants to glyphosate and to 

products of the family is obtained by the stable 
introduction, into their genome, of an 2PSPS gene of 
plant or bacterial origin, mutated or otherwise with 
respect to the characteristics of inhibition, by 

15 glyphosate, of the product of this gene. Given the mode 
of action of glyphosate, it is advantageous to be able 
to express the product of translation of this gene so 
as to allow its high accumulation in the plastids and, 
furthermore, in the regions of the plant undergoing 

20 rapid growth where the products accumulate. 

It is known, for example, from American 
patent 4,535,0*0 to confer on a plant a tolerance to a 
herbicide of the above type, in particular H- 
phosphonomethylglycine or glyphosate, by introduction, 

25 into the genome of the plants, of a gene encoding an 

EPSPS carrying at least one mutation making this enzyme 
more resistant to its competitive inhibitor 
(glyphosate), after location of the enzyme in the 
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plastid compartment. These techniques require, however, 
to be improved for greater reliability in the use of 
these plants during a treatment with these products 
under agronomic conditions* 
5 in the present description, "plant" is 

understood to mean any differentiated multicellular 
organism capable of photosynthesis and "plant cell" any 
cell derived from a plant and capable of constituting 
undifferentiated tissues sue* as calli, or 

10 differentiated tissues such as embryos or plant 

portions or plants or seeds. "Intron 1 of Arabidopsis 
as a regulatory element" is understood to mean an 
isolated DNA sequence of variable length, situated 
upstream of the coding part or corresponding to the 

IS structural part of a transcribed gene* Gene for 

tolerance to a herbicide is understood to mean any 
gene, of any phylogenetic origin, encoding either the 
target enzyme for the herbicide, optionally having one 
or more mutations with respect to the characteristics 

20 of inhibition by the herbicide, or an enzyme capable of 
metabolizing the herbicide into a compound which is 
inactive and nontoxic for the plant * Zones of the 
plants undergoing rapid growth are understood to mean 
the regions which are the seat of substantial cell 

25 multiplications, in particular the apical regions. 

The present invention relates to the 
production of transformed plants having an enhanced 
tolerance to herbicides accumulating in the zonae of 
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the treated plants undergoing rapid growth, by 
regeneration of oalla transformed with the aid of new 
chimeric genes comprising a gane for tolaranea to thaaa 
products* Tha subject of the invention is also the 
5 production of transformed plants having an enhanced 
tolaranea to herbicides of the phoaphonome thy Igly cine 
family by regeneration of calls transformed vith the 
aid of new chimeric genes comprising a gene for 
tolerance to these herbicides. The invention also 

10 relates to these new chimeric genes, as vail as to 

transformed plants which ore more tolerant because of a 
batter tolerance in the parts of these plants 
undergoing rapid growth, as well as to the plants 
derived from crossings using these transformed plants* 

15 Its subject is also new intron l of a plant histona and 
its use as regulatory zone for tha construction of the 
above chimeric genes. 

More particularly, the subject of the 
invention is a chimeric gene for conferring on plants 

20 especially an enhanced tolerance to a herbicide having 
EPSPS as target, comprising, in the direction of 
transcription, a promoter element! a signal peptide 
sequence, a sequence enooding an enzyme for tolerance 
to the products of the phosphonomethylglycine family 

25 and a regulatory element, characterised in that the 

regulatory element comprises a fragment of an intron i 
of a plant histone gene in any orientation relative to 
its initial orientation in the gene from which it is 
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derived, allowing the preferential expression and the 
accumulation of the protein for tolerance to the 
herbicide in the zones for accumulation of the said 
herbicide • 

5 The histone gene, from which intron 1 

according to the invention is derived, comes from a 
monocotyledonous plant such as for example wheat, maize 
or rice, or preferably from a dicotyledonous plant such 
as for example lucerne, sunflower, soya bean, repassed 

10 or preferably Arabidonsis thaliana * Preferably, a 
histone gene of the "HS^-like" type is used, 

The signal peptide sequence comprises, in the 
direction of transcription, at least one signal peptide 
sequence of a plant gene encoding a signal peptide 

IS directing transport of a polypeptide to a plastid, a 
portion of the sequence of the mature N-terminal part 
of a plant gene produced when the first signal peptide 
is cleaved by proteolytic ensymes, and then a second 
signal peptide of a plant gene encoding a signal 

20 peptide directing transport of the polypeptide to a 
sub-compartment of the plastid* The signal peptide 
sequence is preferably derived from a gene for the 
small subunit of ribulose-l,5-bisphosphata 
carboxylase/oxygenase (HuBisCO) according to European 

2S patent application PCT 508 909, The role of this 

characteristic sequence is to allow the release, into 
the plastid compartment/ of a mature polypeptide with a 
maximum efficiency, preferably in a native form. 
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The coding sequence which can be used in the 
chimeric gene according to the invention eoaes from e 
herbicide tolerance gene of any phylogenetic origin* 
This sequence may he especially that of the mutated 
5 epsps having a degree of tolerance to glyphosate* 

The promoter element according to Buropean 
patent application PCT 507 698 may ha of any origin, in 
a single or duplicated or combined form of a gene 
naturally expressed in plants , that is to say, for 

10 example of bacterial origin such as that of the 

nopaline synthase gene, or of viral origin such as that 
of the 35S transcript of the cauliflower mosaic virus, 
or preferably of plant origin such as that of the small 
subunit of the ribulose-l,5-bisphosphata 

15 carboxylase/oxygenase or preferably such as that of a 
plant histone gene and preferably from ftrabidopais 
thaliana , a histone gene of the "H4' B type is preferably 
used. 

The chimeric gene according to the invention 
20 may comprise, in addition to the above essential parts, 
an untranslated intermediate zone (linker) between the 
promoter zone and the coding zone as well as between 
the coding zone and intron l and which may be of any 
phylogenetic origin* 
25 The following examples show by way of 

illustration, but with no limitation being implied, 
several aspects of the invention: isolation of the 
introns according to the invention and their use for 
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the genetic transformation of plants as well as the 
improved qualities of expression of the Heterologous 
genes of plants transformed with the aid of these 
introns. References to "Current Protocols in Molecular 
Biology" are to Volumes l and 2, Ausubel F.H. et al .„ 
published by Greene Publishing Associates and Wiley 
Znterscience (1989) (CPMB). 



1. Production of an BPSP8 fragment from 
10 Arabidopsis thaliana 

a) two 20-mer oligonucleotides of respective 
yy sequences : 

U S ' -GCTCTGCTCATGTCTGCTC03 ' 

5 ' -GCCCGCCCTTGACAAAGAAA-3 ' 
Hj 5 15 were synthesized from the sequence of an 

^ EPSFS gene from arabidooala thaliana (Klee H.J* et al., 

(1987) Kol. Gen. Genet., 210, 437*442). These two 
oligonucleotides correspond to positions 1523 to 1543 
and 1737 to 1717, respectively, of the published 
20 sequence and in convergent orientation. 

b) The total DNA from Arflftjgopsis thaU»n* 
(var. Columbia) was obtained from Clontech (catalogue 
reference: $970-1) 

c) 50 nanograms (ng) of DNA are mixed with 

25 300 ng of each of the oligonucleotides and subjected to 
35 amplification cycles with a Perkin-Blmcr 9*00 
apparatus under the standard medium conditions for 
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amplification recommended by the supplier. The 
resulting 204 bp fragment constitutes the WSP8 
f ragmant from fo^^ai* thallan*. 

3. construction of a library of a cDMA froa a 

BUS maize call line* 

a) S g of filtered cell*. are ground in liquid 

nitrogen and the total nucleic acids extracted 

according to the method described by shure at al. with 

the following modifications: 

- the pH of the lysis huffer is adjusted to 

pH = 9.0? 

- after precipitation with isopropanol, the 
pellet is taken up in water and after 
dissolution, adjusted to 2.3M LiCl. After 
incubation for 12 h at t«4ae*e**0' c ' the 
pellet from tne 15 min centrifugation at 
30,000 g at 4»c is reaolubilised. The LiCl 
precipitation stage is then repeated. The 
resolubilited pellet constitutes the RSA 
fraotion of the total nucleic acids. 

to) the RSA-pely A+ fraction of the RSA 
fraction is obtained by chromatography on an oligo-dT 
cellulose column as described in "Current Protocols in 

Molecular Biology". 

c) Synthesis of double-strsnded cDNA with an 
BeoRI synthetic end: it is carried out by following the 
procedure of the supplier of tne various reagents 
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necessary for this synthesis in the form of a kit: the 
"copy kit" fro* the company Invitregen. 

Two single-stranded and partially 
complementary oligonucleotides of respective sequences: 

5'-AATTCeCGG0-3' 

5'-CCCGGG-3' (the latter being 
phoaphorylated ) 

are ligated to double-stranded cdnas vith blunt ends* 

This ligation of the adaptors results in the 
creation of smal sites attached to the double-stranded 
cdnas and of ScoRI sites in cohesive form at each end 
of the double-stranded cDNAs. 

d) Creation of the library: 
The cDNAs having at their ends the cohesive 
artificial EcoM sites are ligated to the XgtlO 
bacteriophage cDNA cut with bcori and daphoaphorylated 
according to the procedure of the supplier New England 
Biolabs. 

An aliquot from the ligation reaction was 
encapsidated in vityg with encapsidation extracts t 
Gigapack Gold according to the supplier's instructions , 
this library was titrated using the bacterium E»coli 
C600M1* The library thus obtained is amplified and 
stored according to the instructions of the same 
supplier and constitutes the c&NA library from BMS 
maize cell suspension* 
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3. Screwing of the cDKA library fro* BUS 
maiae cell suspension with the BP8PS probe from 

The procedure followed is that of "Current 
5 Protocols in Molecular Biology". Briefly, about 10* 
recombinant phages are plated on an LB plate at a mean 
density of 100 phages/ cm 2 . The lysis plaques are 
replicated in duplicate on a Hybond K membrane from 
Amersham. 

10 The DNA was fixed onto the filters by a 1600 

kJ UV treatment (Strata linker from stratagene) * The 
filters were prehybridiaed in* 6xssc/o.i % SM/0.25 
[lacuna] skimmed milk for 2 h at wc. The epsPS probe 
from Arabidoosis thaliana was labelled with *F-dCTP by 

15 random priming according to th« instructions of the 

supplier (Kit Ready to So from Pharmacia). The specific 
activity obtained is of the order of 10* cpm per fig of 
fragment. After denaturation for 5 min at ioo*C, the 
probe is added to the prehybridisation medium and the 

20 hybridisation is continued for 14 hours at 55 *c. The 
filters are fluorographed for 48 h at -ao°C with a 
Kodak XAR5 film and intensifying screens Hyperscreen 
JtPN from Amersham. The alignment of the positive spots 
on the filter with the plates from which they are 

25 derived make it posaible to collect, from the plate, 
the sones corresponding to the phages exhibiting a 
positive hybridisation response with the epsps probe 
from arabidopsis thaliana . This step of plating/ 



V 

I 1 



15 



transfer, hybridisation and recovery is repeated until 
all the spots of the plate of phages successively 
purified prove lOO % positive in hybridisation. A ly*is 
plaque per independent phage is then collected in the 
5 diluent X medium (Tris-Cl pH=7.5; 10 mK MgS04; o.iM 
MaCl; 0.1 % gelatine), these phages in solution 
constituting the positive BPSPS clones from the bms 
maize cell suspension. 

4. Preparation ana analysis of the DMA of the 
10 BPSPS clones from the BUS maise cell suspension. 

About sxlO 1 phages are added to 20 ml of 
COOOnfl bacteria at OD 2 («oo nm/ml) and incubated for 
15 minutes at 37-C. This suspension is then diluted in 
200 ml of growth medium for the bacteria in a l 1 
15 arlenmeyer flask and shaken in a rotary shaker at 
250 rpm. Lysis is observed by clarification of the 
medium, oorresponding to lysis of the turbid bacteria 
and occur, after about 4 h of shaking. This supernatant 
is then treated as described in "current Protocols in 
20 Molecular Biology". The DMA obtained correspond, to the 
epsps clones from the BMS maize cell suspension. 

one to two fig of this DMA are cut with scoRi 
and separated on a 0.8 % LGTA/TBE agarose gel 
<ref. CPMB). A final verification consists in ensuring 
25 that the purified DMA indeed exhibits * hybridisation 
signal with the BPSPS probe from K SStliSSBSiS thaiians . 
After electrophoresis, the DMA fragments are 
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tranaf erred onto Hybond N membrane from Amersfcam 
according to the Southern procedure described in 
"Currant Protocols in Molecular Biology 1 *, The filter is 
hybridised with the epsps probe from Arabidopaia 
3 tha liana a ccording to the conditions described in 

paragraph 3 above. The clone exhibiting a hybridisation 
signal with the EPSPS probe from arabidonsis thaliana 
and containing the longest ScoKX fragment has a gel- 
h estimated size of about 1-7 Jcbp* 

tf 10 5. Production of the pftPA-icwil clone: 

f y 

W Ten pq of DNA from the phage clone containing 

CO 

[y the 1.7 kbp insert are digested with EcoRl and 

7*. separated on a 0.8 % LGTA/T8B agarose gel (ref. CPMB) . 

!!: The gel fragment containing the 1.7 Xbp insert is 

FU IS excised from the gel by BET staining and the fragment 

PI is treated with 0-agarase according to the procedure of 

the supplier Mew England Biolabs. The dna purified from 
the 1.7 kbp fragment is ligated at 12 d C for 14 h with 
DMA from the plasmid pUC 19 (Hew England Biolabs) cut 
20 with EcoRI according to the ligation procedure 

described in "Current Protocols in Molecular Biology". 
Two nl of the above ligation mixture are used for the 
transformation of one aliquot of electrocompetent 
fi.coli DH10B; the transformation occurs by 
25 electroporation using the following conditions: the 
mixture of competsnt bacteria and ligation medium is 
introduced into an electroporation cuvette 0.2 cm thick 
(Biorad) previously cooled to o*c. The physical 
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eleetroporation conditions using an electroporator of 
Biorad trade mark are 2500 volts, 25 tiT*x*& and 200 a. 
Under these conditions/ the mean condenser discharge 
time is of the order of 4.2 milliseconds* The bacteria 
S are then taken up in 1 ml of SOC medium (ref * CPMB) and 
shaken for l hour at 200 rpm on a rotary shaker in 15 
ml Corning tubes. After plating on LB/agar medium 
supplemented with 100 pqfml of earbenicillin, the mini- 
mi preparations of the bacteria clones having grown 

y 10 overnight at 37 # c are carried out according to the 

iy 

Ly procedure described in "Current Protocols in Molecular 

Biology". After digestion of the DKA with EcoRl and 
~ ?= separation by electrophoresis on a 0.8 % LGTA/TBE 

N; agarose gel (ref. CPMB), the clones having a 1.7 kbp 

fu 

15 insert are conserved* A final verification consists in 
^ ensuring that the purified dna indeed exhibits a 

hybridization signal with the SPSPS probe from 
Arabidopsis thaliana. After electrophoresis, the DMA 
fragments are transferred onto a Bybond K membrane from 

20 Amersham according to the Southern procedure described 
in "Current Protocols in Molecular Biology". The filter 
is hybridized with the BPSP8 probe from Arabidoosis 
thaliana a ccording to the conditions described in 
paragraph 3 above. The plasmid clone having a 1.7 kbp 

25 insert and hybridising with the ^V8M probe from 

Arabidoosia thaliana was prepared on a larger scale and 
the DMA resulting from the lysis of the bacteria 
purified on a csCl gradient as described in "Current 
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Protocols in Molecular Biology'*, The purified DNA was 
partially sequenced with a Pharmacia kit, following the 
supplier's instructions and using, as primers, the 
direct and reverse H13 universal primers ordered from 
the same supplier. The partial sequence produced covers 
about 0.5 klip. The derived amino acid sequence in the 
region of the mature protein (about 50 amino acid 
residues) exhibits 100 % identity with the 
corresponding amino sequence of the mature maize SPSPS 
described in American patent USP 4 r 971, 90S. This clone, 
corresponding to a 1-7 3cbp ScoRi fragment of the dna 
for the SPSP from the SMS maize cell suspension, vas 
called pRPA-KL-7li. The complete sequence of this clone 
vas obtained on both strands by using the Pharmacia kit 
procedure and by synthesizing oligonucleotides which 
are complementary and of opposite direction every 
250 bp approximately* The complete sequence of this 
1713 bp clone obtained is presented by SBQ XD Mo. 1. 
6. Production of the clone pRPA-HWlS: 
Analysis of the sequence of the clone pRPA» 
ML-7U and in particular comparison of the derived 
amino acid sequence vith that from maize shows a 
sequence extension of 92 bp upstream of the qcg codon 
encoding the NH z -terminal alanine of the mature part of 
the maise epsps (American patent tJPS 4, 971, 90S). 
Likewise, a 288 bp extension downstream of the AAT 
codon encoding the cooH-terainal asparagine of the 
mature part of the maiee EPSPS (American patent USP 
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4,971/908) is observed. These two parts might 
correspond, for the NH,-terminal extension, to a portion 
of the sequence of a signal peptide before plastid 
location and, for the COOH-terminal extension, to the 
untranslated 3' region of the eDHA* 

In order to obtain a cDNA encoding the mature 
part of the cDHA for the maize BPSPfl, as described in 
tfSP 4,971,908, the following operations were carried 
out: 

a) Bliaination of the untranslated 3' regions 
construction of pK?A-ML~712s 

The clone paPA-ML-711 was cut with the 
restriction enzyme AseX and the resulting ends of this 
cut made blunt by treating with the Klenow fragment of 
DNA polymerase X according to the procedure described 
in cpmb, A cut with the restriction enzyme SaclX was 
then performed* The DMA resulting from these operations 
was separated by electrophoresis on a l % lgta/TBE 
agarose gel (ref. CFMB) ♦ 

The gel fragment containing the insert "&seX- 
blunt ends/SaelX" of 0,4 kbp was excised from the gel 
and purified according to the procedure described in 
paragraph 5 above* The DHA of the clone pRPA-Ml*-7ll was 
cut with the restriction enzyme HindXXX situated in the 
polylinker of the cloning vector puci9 and the ends 
resulting from this cut were made blunt by treating 
with the Klenow fragment of dna polymerase X, A cut 
with the restriction enayme SacIX was then performed. 
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The DNA resulting from these manipulations was 
separated by electrophoresis on e 0*7 % LGTA/TB8 
agarose gel (ref* CPMB) , 

The gel fragment containing the insert 
Hindixi-blunt ends/SacIX of about 3.7 kbp was excised 
from the gel and purified according to the procedure 
described in paragraph s above. 

The two inserts were ligated, and 2 ftl of the 
ligation mixture served to transform E.coli DH10B as 
described above in paragraph S. 

The plasmid DMA content of the various clones 
was analysed according to the procedure described for 
pRPA-ML-711. one of the plasmid clones retained 
contains an EcoRX-HindXXX insert of about 1.45 Jebp. The 
sequence of the terminal ends of this clone shows that 
the 5' end of the insert corresponds exactly to the 
corresponding end of pRPA-ML-71l and that the 3' 
terminal end has the following sequence* 

"5 ' * •^AMTAAGCTCTAQAGTC<3ACCT(3CAGCSCATGCAAGCTT-3 ' »• , 

The sequence underlined corresponds to the 
codon for the COOH- terminal amino acid asparagine, the 
next codon corresponding to the stop codon for 
translation. The nucleotides downstream correspond to 
sequence components of the polylinJeer of pUC19. This 
clone, comprising the sequence of pRPAKL-711 up to the 
site for termination of translation of the mature maize 
EPSPS and followed by sequences of the polylinker of 
pUCl* up to the HindXlX site, was called pRPA-ML-712. 
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b) Hodification of the 5' end of pRPA~*L-7l22 
construction of pRPA-ML~7is 

The clone pRPA-KL-712 was out with the 
restriction ensymes *atl and HindXli. The dna resulting 
from theae manipulations was separated by 
electrophoresis on a 0,8 \ LGTA/TBE agarose gel (ref • 
CFMB) • The gel fragment containing the Psti/seoRl 
insert of 1*3 fcbp was excised from the gel and purified 
according to the procedure described in paragraph 5 
above. This insert was ligated in the presence of an 
equimolar quantity of each of the two partially 
complementary oligonucleotides of sequence: 
Oligo 1: 3'-GAGCCGAaCTCCATGGCC©3C<3CCOAGCA<3ATCOTGCTGCa-3' 
Oligo 2: 5 ' -CCACGATCTCCTCGGCGCCQGCCATGG^GCTCOGCTC-3 ' 
as well as in the presence of £>H& from the plasmid 
pUCl* digested with the restriction enzymes BamKl and 
Hindin. 

Two fil of the ligation mixture served to 
transform B.coli DE10B as described above in paragraph 
5, After analysis of the plasmid tfiXh content of various 
clones according to the procedure described above in 
paragraph S, one of the clones having an insert of 
about 1.3 khp was conserved for subsequent analyses. 
The sequence of the terminal 5' end of the clone 
retained shows that the DNA sequence in this region is 
the following: sequence of the polylinxer of pucis of 
the EcoRI to BamHZ sites , followed by the sequence of 
the oligonucleotides used during the cloning, followed 
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by the rest of the sequence present in pSPAML-712. This 
clone was called p&pa-hl-713. This clone has a 
methionine codon ATO included in an Kcol site upstream 
of the N-terminal alanine codon of the mature 
5 EPSPSynthase* furthermore the alanine and glycine 
codons of the H- terminal end vera conserved, but 
modified on the third variable base: initial gcsggt 
gives modified GC£GG£. 
h The clone pRPA-ML-713 was cut with the 

!r? 10 restriction enzyme HindlXI and the ends of this cut 

W made blunt by treating with the Xlenow fragment of DKA 

03 

yj polymerase l. a cut with the restriction enzyme Sad 

was then performed* The DMA resulting from these 
manipulations was separated by electrophoresis on a 
HI 15 0.8 % LGTA/TBE agarose gel (ref. CPKB) . The gel 

n fragment containing the insert "Hinaxn-biunt 

— cnds/Sacl" of 1.3 kbp was excised from the gel and 

purified according to the procedure described in 
paragraph 5 above* This insert was ligated in the 
20 presence of DNA from the plasmid pUCl9 digested with 
the restriction enzyme Xbai and the ends of this cut 
made blunt by treating with the Klenow fragment of OKA 
polymerase I* A cut with the restriction enzyme 8acl 
was then performed. Two fil of the ligation mixture 
2S served to transform B.coli DH1QS as described above in 
paragraph 5. After analysis of the plasmid pma content 
of various clones according to the procedure described 
above in paragraph 5, one of the clones having an 
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insert of about 1,3 kbp vas conserved for subsequent 
analyses. The sequence of the terminal ends of the 
clone retained shows that the DNA sequence is the 
following: sequence of the polylinker of pUC19 of the 
5 ScoJIX to SaeX sites, followed by the sequence of the 
oligonucleotides used during the cloning, from which 
the 4 bp GATCC of oligonucleotide 1 described above 
have been deleted, followed by the rest of the sequence 
h present in pRPA-KL-712 up to the Hindi! I site and 

Jrf 10 sequence of the polylinXer of pUC19 from Xbal to 

Hindlll. This clone was called pRPA-HWiS* 

7) Production of a eMA encoding a nature 

uild 5PS2S 

^ All the mutagenesis steps were carried out 

Si TZ7 

fu IS with the tf.s.E* mutagenesis kit from Pharmacia, 

following the instructions of the supplier. The 
principle of this mutagenesis system is as follows: the 
plasmid DXA is heat-denatured and recombined in the 
presence of a molar excess, on the one hand, of the 
20 mutagenesis oligonucleotide and, on the other hand, of 
an oligonucleotide which makes it possible to eliminate 
a unique restriction enzyme site present in the 
polylinker. After the reaesociatien step, the synthesis 
of the complementary strand is performed by the action 
25 of T4 DNA polymerase in the presence of T4 DNA ligase 
and protein of gene 32 in an appropriate buffer 
provided ♦ The synthesis product is incubated in the 
presence of the restriction enzyme, whose site is 
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suppose to have disappeared by autogenesis* the E.coli 
strain exhibiting, in particular, the muts mutation is 
used as host for the transformation of this DNA. After 
growth in liquid medium, the total plasmid DNA is 
5 prepared and incubated in the presence of the 

restriction enzyme used above* After these treatments, 
the g.coll DR10B strain is used as host for the 
transformation. The plasmid DNA of the isolated clones 
is prepared and the presence of the mutation introduced 
10 is checked by sequencing. 

A) - Site or sequence modifications with no 
effect a priori on the resistance character of maise 
spots to the products which are competitive inhibitors 
of the activity of SPSP synthases elimination of an 
XS internal Kcol site from pRPAHKL-715. 

The sequence of pRPA-HWiS is arbitrarily 
numbered by placing the first base of the N-terminal 
alanine codon GCC in position 1. This sequence has an 
HcoZ site in position 1217* The site-modifying 
20 oligonucleotide has the sequence; 

S ' -CCACAGOATGOC<3ATaGCCTTCTCC*3 ' . 

After sequencing according to the references 
given above, the sequence read after mutagenesis 
corresponds to that of the oligonucleotide used. The 
25 VeoX site was indeed eliminated and translation into 
amino acids in this region conserves the Initial 
sequence present in pR?A-ML~71S. 

This clone was called pRPA-ML-716. 
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The 1340 bp sequence of this clone Is 
represented as SEQ 10 No. 2 and SEQ ID No. 3. 

B) Sequence modifications allowing en 
increase in the resistance character of maize EPS?* to 
products which are competitive inhibitors of the 
activity of EPSP sythase. 

The following oligonucleotides were used: 

a) Thr 102 <* He mutation. 

5 ' -GAATGCTGGAMCGCAATGCGGCCATTGACAGC-*3 ' 

b) Pro 106 ■* ser mutation. 

S ' -GAATGCTGGAACTGCAATGCGGT0CTTGACAGO3 ' 

c) Gly 101 ■* Ala and Thr 102 ■* lie mutations. 
5 ' - CTTGGGG AATGCTGCCATCGCAATGCGGCC ATTG - 3 ' 

d) thr 102 lie and Pro 106 ■> Ser mutations. 

5 ' ~GGGGAATGCTGGAATCGCAATGCGGTCCTTGACAGC-3 ' 
After sequencing, the sequence read after 
mutagenesis on the three mutated fragments is identical 
to the sequence of the parental DNA pRPA-ML-716 with 
the exception of the mutagenesis region which 
corresponds to that of the mutagenesis oligonucleotides 
used. These clones were called: pRPA-ML-717 for the Thr 
102 ■* He mutation, pRPA~ML~7l3 for the Pro 106 <* Ser 
mutation, pRPA-HL-719 for the Gly 101 m Ala and Thr 102 
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■> He mutations and pRPA-KL-720 for the Thr 102 •* lie 
and Pro 106 ^ Mr mutations* 

The 1340 bp sequence of pRPA-MW20 is 
represented as SSQ ID Ho. 4 and SEQ ID No. 5. 
S The Ncoi-Hindlll insert of 139S bp will be 

called in the rest of the descriptions "the double 
mutant of maize BPSPS". 

BSMEig 2* construction of chimario cranes 
The construction of chimeric genes according 
10 to the invention is carried out using the following 
elements; 

1) . The genomic clone (cosmid clone c22) from 
|y Arabidoosis thaliana, containing two genes of the 

"K3.3-liXe" type vas isolated as described in Chaubet 
O 15 at al. (J. Mol. Biol. 1992. 22S 569-574). 

?. ::■ 

2) . Intron SO. is 

A DNA fragment of 4ie base pairs is purified 
from digestion of the cosmid clone c22 with the 
restriction enzyme Ddei followed by treatment with a 

20 Klenow fragment of DNA polymerase from B.coii , 
according to the manufacturer's instructions for 
creating a blunt-ended DNA fragment and then cut with 
Hsel. The purified DNA fragment is ligated to a 
synthetic oligonucleotide adaptor having the following 

25 sequence: 

Adaptor It 5' TAATTTOTTGAACAGATCCC 3' 
TAAACAACTTGTCTAGGG 
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The ligation product is eloned into 
pQEM72£{+) (stratagone catalogue Ho. msi) which was 
digested with smai. This clone, oallad "intron Ho. W, 
is ohaekad by sequencing (SEQ ID No. a). 

3) . Itttron No. 2$ 

A DMA fragment of 494 base pairs is purified 
from the digestion of the coamid clone c22 with the 
restriction enzymes Alul and CfoZ. The purified DMA 
fragment is ligated to a synthetic oligonucleotide 
adaptor having the following sequence: 

Adaptor 2: 5' CAGATCCCGGGATCTGCG 3' 
GCGf CTAGGGCCCTAGACGC 

The ligation product is cloned into 
pGBM7Zf (+) (Stratagane catalogue Mo. ?22Sl) which was 
digested with Smal. This clone, called "intron Mo. 2", 
is checked by sequencing <S£Q ID No. 7) . 

4) . pRA-1 

The construction of this plaamid is described 
in French patent 9,308/029. This plasmid is a 
derivative of pBZ 101. l (clonetech catalogue Mo. 6017- 
1) which contains the his tone promoter from Arabidoosis 
R4A748 regulating the synthesis of the M. coli 0- 
glucoronidase gene and of the nopaline synthase ("MOS") 
polyadenylation site. Thus, a chimeric gene is obtained 
having the structure: 

"H4A748 promoter-GUS gene-K09 fl 

5) . pCG-1 
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This plasmid contains the above intron No* 1 
placed between the H4A748 promoter and the GUS coding 
region of pRA-1, This plamid is obtained by digestion 
of cosmid clone c22 with BamHX and Smai. The intron 
5 Ko. X of 418 base pairs is directly ligated into pRA-1 
which was digested with BaaHI and Smai. 

Thus, a chimeric gene is obtained having the 

structure: 

"B4A748 prometer-intron No. i-gus gene-NOS fl 

10 6}» pCG-13 

This plasmid contains the above intron Ho, 2 
placed between the H4A748 promoter and the gus ceding 
region of pRA-1- This plasmid is obtained by digestion 
of cosmid clone c22 with 2amHX and Smal. The intron 
15 no. 2 of 494 base pairs is directly ligated into pRA-i 
which was digested with BamHZ and Smax. 

Thus, a chimeric gene is obtained having the 

structure: 

M H4A748 promoter-intron No. 2-GUS gene-NOS M 

20 7). pCG-15 

This plasmid contains only intron No. 1 
before the above GtJS coding sequence placed between the 
H4A748 promoter and the GUS coding region of pCG-1. 
This plasmid is obtained by digestion of pCG-l with 

2S BamHZ and RindlZI followed by treatment with a Xienow 
fragment of DNA polymerase from B.coli , according to 
the manufacturer's instructions for creating a blunt- 
ended DNA fragment. 
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This vector is then religated to give a 
chimeric gene having the structure: 
"intron ho, i-ots-BOS" 
8). pca-18 

5 This plasmid contains only the above intron 

Ko, 2 in front of the GUS coding sequence of pca-13. 
This plasmid is obtained by partial digestion of pCO-13 
with BaaMI and Sphl/ followed by treatment with a 
fragment of T4 phage DBA polymerase , according to the 
10 manufacturer's instructions in order to create a blunt- 
ended DKA fragment, 
hi This vector is then religated and checked by 

enzymatic digestion in order to give a chimeric gene 
having the structures 
fU 15 "intron Mo, 2-GtfS-NOS" 

q 9). pRPA-RB-124 

Addition of a "nos 11 polyadenylation signal to 
pRPA-HL-720 with creation of a cloning cassette 
containing the maiae double mutant epsps gene (Thr 102 

20 -> He and Pro 106 •+ ser)» pRPA-KW20 id digested with 
BindlXI and treated with the Klenow fragment of DKA 
polymerase from E.coli in order to produce a blunt end* 
A second digestion is carried out with NcoZ and the 
BP8PS fragment is purified. The EPSPS gene is then 

25 ligated with purified pRPA-RD-12 (a cloning cassette 
containing the nopaline synthase polyadenylation 
signal) to give pRPA-RD-124. To obtain the purifed 
useful vector pRPA-RD-12, it was necessary for the 
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latter to be previously digested with Sail, treated 
vith Klenov Dm polymerase/ and then digested a second 
time vith HcoX. 

10) . pRPA-RD-125 

5 Addition of an optimised signal peptide (OSP) 

from pRPA-RD*i24 vith creation of a cloning cassette 
containing the EP8PS gene targeted on the plasmids. 
pRPA-RD-7 (European patent Application EP $52 266) is 
Q digested vith SphX, treated vith 74 dna polymerase and 

fit 10 then digested vith spel and the osP fragment is 

w : purified ♦ This OSP fragment is cloned into pRPA~3D~i24 

BO 

W vhich was previously digested vith KcoX, treated vith 

s.g,Ji 

Klenov DMA polymerase in order to remove the z f 
r: protruding part, and then digested vith SpeX. This 

FU 15 clone is then sequenced in order to ensure the correct 

H translational fusion between the osp and the epsps 

gene. pRPA-RD-125 is then obtained. 

11) . pRPA-ltD-19e 

Xn this plasmid, the "intron No. 1 + fl- 
it giucoronidase gene from E.coiy * portion of pCG-l is 
replaced by a chimeric gene of 2 Xilobases containing 
an optimized signal peptide, a double mutant epsps gene 
(Xle m +Ser }M ) and a nopaline synthase polyadenylation 
site {"HOS") isolated from pRPA-RD-125. To obtain pRFA- 
25 rd~19$, the digestion of pCG-l is performed vith BcoRX 
and BamHX, followed by treatment vith a Klenov fragment 
of dna polymerase from E.coli , according to the 
manufacturer's instructions in order to create a blunt- 
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ended DNA fragment. The 2-kilobaae DNA fragment 
containing an optimised signal peptide of a double 
mutant epsps gene (Ile lfl j-f8er iw ) and a nopaline synthase 
polyadenylation site ("NOS") is obtained from pRPA-RD- 
125 by digestion with HeoZ and NotI, followed by 
treatment with DMA polymerase from H.coli . according to 
the manufacturer's instructions in order to create a 
blunt-ended DNA fragment. This blunt-ended fragment is 
then ligated into pCG-1 prepared above. 

A chimeric gene is thus obtained having the 

structure: 

"H4A74S promoter~OS?~maise SPSPS gene-NOS" 
12)* p»A-KD-l*7 

In this plasmid, the °j3-glucoronidase gene 
from E.coli" portion of pCG-l is replaced by a chimeric 
gene of 2 kliobases containing an optimised signal 
peptide , a double mutant BP8PS gene (ile^+ser,*) and a 
nopaline synthase polyadenylation site ( h nos m ) isolated 
from pRPA-RD-125. To ototain pRPA-RD-197, the digestion 
of pcG-l is performed vith EcoRl, followed by treatment 
with a Klenow fragment of DNA polymerase from y.coli , 
according to the manufacturer's instructions in order 
to create a blunt-ended DNA fragment, then cut with 
fimai. The 2-kilobase DNA fragment containing an 
optimized signal peptide, a double mutant BPSPS gena 
(Ile 102 +ser l(>6 ) and a nopaline synthase polyadenylation 
site ("NOS") is obtained from prfa-rd-125 by digestion 
with Ncol and NotI, followed by a treatment with DNA 
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polymerase from uali, *ccording to the manufacturer', 
instructions in order to create a blunt-ended mja 
fragment. This blunt-ended fragment is than ligated 
into pCQ-l prepared above. 
5 a chimeric gene is thus obtained having the 

structure: 

"H4A748 promoter-intron »o« i-maize BPSPS 

gene-MOS" 

13). pRP»-RD-198 

10 in this plasmid, the «/J-glueoronidase gene 

from s.coli " portion of pca-l3 is repiacsd by a 
chimeric gene or 2 kilobases containing an optimised 
signal peptide, a double mutant bpsps g-ne <ile w +ser w > 
and a nopalin. synthase polyadenylation site («KOS«) 
is isolated from P rpa-rd-125. -to obtain P RPA-RD-1«, the 
digestion of pC<3-13 ia performed vith Ecoltl, folloved 
by treatment vith a Kienov fragmsnt of D*A polymerase 
from n.coli . according to the manufacturer's 
instructions in order to create a blunt-ended W»A 
20 fragment, then cut with Smal. The 2-kilobase DHA 
fragment containing an optimised signal peptide, a 
double mutant 8PSPS gene {ile m +ser !0< > and a nbpalina 
synthase polyadenylation site <«H0S«> is obtained from 
PRPA-RD-12S by digestion vith Hcol and KotI, followed 
2S by a treatment with DHA polymerase from £ t c S li, 

according to the manufacturer's instructions in order 
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to create a blunt-ended DMA fragment* This blunt-ended 
fragment is then ligated into pCC-13 prepared above* 
A chimeric gene is thus obtained having the 

structure: 

"H4A748 promoter-intron Ho* 2-OSF-maise EPSPS gene-NOS" 
EXAMPLE 3; Expression of the activity of a reporter 

1) transformation and regeneration 
The vector is introduced into the 

nononcogenic strain of Aorohacterium tumefaciena LBA 
4404 available from a catalogue (Clontech #6027-1) by 
triparental crossing using the "helper" plasmid pRX 
2013 in Escherichia eoli HB101 according to the 
procedure described by Sevan M. (1984) Nucl. Acids 

Res., 12, 8711-8721* 

The transformation technique using root 
explants of Arabidopsis thaliana L.-ecotype C24 was 
carried out according to the procedure described by 
valvekens T>* et al* (1988) Proc. Natl* Acad* Sci USA, 
85/5536-5540. Briefly, 3 steps are necessary; 
induction of the formation of calli on Gamborg B5 
medium supplemented with 2,4-D and Xinetin; formation 
of buds on Gamborg B5 medium supplemented with 2iP and 
ZAA; rooting and formation of seeds on hormone-free MS, 

2) Measurement of the GtfS activity in plants 
a - histoohemical observations 
Visualization of the GETS activity by 

histochemical spots (Jefferson R.A. et al* (1987) EMBO 
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J«, 6^ 3901-3907} on 10-day transgenic plants shows an 
increase in the intensity of the histochemical pattern 
which is tissue-specif ic for the plasmids containing 
the intron sequences (pCG-1 and pCG~l3) compared with 
5 those without these introns (pRA-i) • In particular , the 
pattern of spots for pco-l and pCG-13 is identical, 
showing an increase in intensity of the spots for the 
vascular and meristematic tissues, leaves and roots 
compared with that of the construct pRA-i. The 
10 constructs containing only the sequences of intron 
Mo. l <pcG-l5 and pCG-18) show an extremely clear 
histoche&ical spot only in the apical meristam region, 
b - f luorometric measurements 
She GUS activity measured by f luorometry on 
IS extracts of floral and leaf bude of the rosette 

(Jefferson R«A. et al. (1987) BMBO J., «, 3901-3907) 

from 12 plants, shows that the activity of the H4A748 
promoter is increased under the influence of intron 
Hos* 1 and 2. Compared with the construct pRA-l, the 
20 GUS activity of pCG-1 and pCG-13 are at least six times 
greater in the floral bude, twenty times greater in the 
leaves of the rosette and twenty-six times greater in 
the roots. 

These measurements clearly show that introns 
25 Kos. l end 2 of Arabidopsis histone genes of the "X3.3- 
like" type used as a regulatory element induces an 
increase in the activity of expression of the chimeric 
gene. 
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EXAMPLE 4i Tolerance of transgenic Plants to 
1 H*ybjclde 

1) Trans format ion ana regeneration 
The vector is introduced into the 
S nononcogenic strain of Agrobacterium tumefaciana LBA 
4404 available from a catalogue (Clontech #6027*1) by 
triparental crossing using the "helper" plasmid pRX 
2013 in Escherichia coli HS101 according to the 
procedure described by Bevan M. (1984) Nuci. Acids 

10 Res., 12, 8711*8721. 

The transformation technique using foliar 
explants of tobacco is based on the procedure described 
by Rorsh a. et al« (1985) science, 227, 1229*1231. The 
regeneration of the PBD6 tobacco (origin SEiTA-?ranee) 

15 from foliar explants is carried out on a Murashige and 
Skoog (MS) basal medium comprising 30 g/1 of sucrose as 
veil as 200 nqfml of kanamycin in three successive 
steps: the first comprises the induction of shoots on 
an MS medium supplemented with 30 g of sucrose 

20 containing o.os mg of naphthylacetic acid (NAA) and 2 
mg/1 of bensylaminopurine (BAP) for 15 days. The shoots 
formed during this step are then developed by culturing 
on an MS medium supplemented with 30 g/1 of sucrose but 
not containing any hormone, for 10 days. The developed 

25 shoots are then removed and they are cultured on an MS 
rooting medium diluted one half, vith half the content 
of salts, vitamins and sugars and not containing any 
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hormone » After about 15 days, the rooted efcoota are 
planted in the soil, 

2) Measurement of the tolerance to 
glyphosate s 

Twenty transformed plants were regenerated 
and transferred to a greenhouse for each of the 
constructs pRPA-RD-I*$, pRPA-RB-197 and pftPA-RD-198. 
These plants were treated in a greenhouse at the 5*laaf 
stage with an aqueous suspension of herbicide, sold 
under the trademark Roundup, corresponding to 0.8 kg of 
active substance glyphosate per hectare. 

The results correspond to the observation of 
phytotoxicity values noted 3 weeks after treatment. 
Under these conditions, it is observed that the plants 
transformed with the constructs have on average an 
acceptable tolerance (pRPA-RD-196) or even a good 
tolerance (pRPA-RD-197 and pRPA-RD-196) whereas the 
untransformed control plants are completely destroyed. 

These results show clearly the improvement 
offered by the use of a chimeric gene according to the 
invention for the same gene encoding tolerance to 
glyphosate « 

The transformed plants according to the 
invention may be used as parents for producing lines 
and hybrids having the phenotypic character 
corresponding to the expression of the chimeric gene 
introduced. 
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Sequence listing: 
SSQ ID No. 1* 



AATCAATTTC ACACAOOAAA CAGCTAICAC CATCATtACC AATTC00OCC COOGCGCffTO CO 

AtCC OSC CCC GGCAQCQ9C9 qCG CC tagTOC A0QCGOOXQC CQACGACATC GTCCTOCAGC 120 

CCATCAAOGA OMB C T CCqgC ACC5TOU0C tOCCCtta«C CWteactT fCCAACCQGA 100 

1CCTCCTAC7 CaCCOCCCTO TCCQWWQ* CAACA0XG0T TOATAACCTO CTQAACAOT5 240 

A0GAT9TCCA CTACMOCTC OOQOOCfWX QfiACtCRQS ICfCTCTGTC GAAGCQOACA 300 

aaccicccm xmoctxm. g a e fi oee f maoou owcccaott oacowccta 340 

MMCOAAOT OCWCTC^ TOOOflUUW <*° 

C TCTT A CrC C TCOWglG Q A AATOCAACTT ACOTOCTTCA TGGAGTACCA AGAATOAOCG 410 

O AflAflACCCA* TO5C0ACTW OTWTCOOAT TOAiOCAflC* TQttGCAfiAT CTTCATTOTT 540 

TCCtTOCAC TOACTQCCCA CCTOWCCW TCMfltCttAAT COGACOOCTA CCTOOWGCX 400 

h j AGGTCfcAGCT GTCtaOCTCC AffOWWUWe AOTACTTOAO TQCCPIOCW AIOGCtOCIC 440 

DO Ctl PQQ CTCT TOGOCATCTG qagaTTGAAA TCATTOATAA ATTAAJClCC ATTCCOTAC3 720 

TCGAAATGAC ATTGAQATTC ATOACOTJ* TOGTGTGA* A0CAGAGCAT TCTGATAGCT ?»0 

7* CGCACAGACT CTACATTAAG GGAOHGAAA AATACAAffIC CCCTAAAAA? CCCTATCTTS 940 

AAGGTGAT5C CTCAAOCWV AfGCTATTXCT TCCCWSWe TCCAATTACT CGAGGGAClC 900 

[U TCACTC1CGA AG C7T0T0C C ACCACCACTT TOCAGGOTO* WIQAAfiTIT OCTOAOGTAC 340 

JjJ TCCAGATGAT GGGAGCGAAG GTTACAWGA CCCAGACTAfl CQTAACTSTT ACTCCCCCAC 1020 

CGCOGCAGCC ATTOOOAOO AAACACCTCA AGOCCATXCA TOICAACATC AAGAAfiATCC 1040 

CTCATGTCGC CATQACICT* 0, ' lu W fl f W CCCTCTTWC CCAWCCCO ACAtfCCATCA 1140 

CA0ACOTCCC yrCCTCASA OTAAAGGAGA CCOACAOOAT OCTOCOATC COOACCCAOC 1200 

TAACCAAGCT 0OOA0CATC7 CTECAGGAAG OOCCOOACTA CTOCATCAtt ACOCCGCCGQ 1240 

AGAAGCTGAA CGTGACGGCQ ATCGACACOT ACOACOACCA CAOOATGGCC ATCGCCTtcT 1320 

CCCTTOCCOC CTOTCCCGAC GTCCCC5TCA CCATCCGCOA CCCTCCCTGC ACCCOGAAGA 1380 

CCTTCCCCOA CTACnCGAT GTGCTOACCA CTTTCCICAA CAATTAATAA AGCGTGCGAT 1440 

ACTACCACGC AGCTTCATO AACT0ATACO CTOTOCWA CCAAATACAT WWWTOTO 1500 

crgrrmcT ctticaccco attaaowtt oaotcwtaa ccttactiot TOTAGCAAQ 1540 

WrCPATTtC COAOTTAAO T PWWC ACT CTAASCCAAA TTtCATTICA AOAGT0OTC 1420 

CTO3CAATAA TAAGAATAAT AAATTACGTT TCACTQAAAA AAAAAAAAAA AAAAAAAAAA 1480 

AAAAAAAAAA AAAAAAAAAA AACCCSJOAA TtC 1713 



SEQ ID No* 2 
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CCATO GCCOGCOCCCWCASATCGTGCTOCAOCCCAteAAOGAOA'ie 47 
All Cly All Glu alu n« Vtl Uu Cla Pro XI* Lyt Olu Zli 
IS 10 

TCC COCACCCTCAraCTGCC3GO0feCAAO?C&Cr?TCCAACCGGATC 95 

sir Qly Thr Vil t?i uu pro Cly tor l*i *«r Uu Sir Ain Arg Xl« 
IS 40 2% 30 

CTC CTA CTC OCC QCC CW TCC OAS €06 ACA ACA GTG OTT GAT AAC CTQ 143 
Uu Uu Uu All All Uu sir Glu Cly Thr At Vil Vil Aip A»n Uu 
35 40 45 

CTC AAC ACT CAS OAT QTC CAC TAC ATO CSC 009 OCC TFG AGS ACT CTT 191 

Uu Ain to oiu Asp Via Hit tyr MM Uu aiy All uu at* Ttar uu 
SO SS 40 

009 CtC TCT CSC GAA 008 GAC AAA OCT QCC AAA ASA OCT OTA GTT GOT 239 
Oly Uu Sir Vil Olu Alijutf lyi AU All ly« Ar? All Vil Vil Vil 
4S 70 75 

OCC TOT COT OGA AAO TTC CCA CTT OAS OAT OCT AAA GAG QAA CTC CAC 2*7 
Oly Cy« Gly Gly Lya Phi Pro Vtf GlU Asp AU Lyi Olu Glu Vil Ola 
ao IS 90 

CTC TIC TTC GOG AAT OCT OGA ACT OCA ATS CGG CCA TTG ACA GCA OCT 335 
Uu Ww Uu Gly ten All Oly Sir All Kic Ar* Pro Uu Thr All All 
95 100 105 110 

OtT ACT OCT OCT OOt OGA AAT GCA ACT TAC OTO CTT GAT OGA GTA CCA 383 
v*l Thr All All oly Gly Am Al* Thr Tyr vil Liu Asp Gly vil Pro 
US 130 125 

AGA ATC AGO GAG AGA CCC ATT OQC OAC TTO GTT GTC GGA TTG AAO CAC 431 
Arg Hit Arg Glu at* Pro zl« Cly A*p Uu Vil Vil Gly Uu fcyi Gin 
130 135 140 

CtT OGT <KA GAT OTT GAT TGT TIC CW GOC ACT CAC TGC CCA CCT GTT 479 
Uu Gly All Aip Vil Aip Cy* «w Uu Gly Thr Asp cyi Pro Pro Vil 
145 ISO 1SS 

COT GTC AAT GGA ATC GGA OGG CTA CCT OGT COC AAG GTC AAO CW TCT 527 
Ar* Vil A»n Gly 11* Gly Gly Uu Pro Oly Gly Itfi Vil tym Uu Sir 
140 155 170 

OOC TCC ATC AGC AGT CAG TAC TTG ACT OCC ITS CTC ATC OCT OCT CCT 57 S 

Cly Sir 111 Sir Sir Gin iyr Uu Sir Ala Leu Uu Ket Al« Ala Pro 
175 180 1*5 150 

TO OCT CTT GOG GAT GW GAG ATT GAA ATC ATT GAT AAA W ATC TCC 423 
Uu All Uu Gly Asp Vil Glu 111 Glu ZU 111 Asp tys UU lie *er 
195 *200 305 

ATT CCG TAC GTC GAA ATO ACA TT5 AGA TTG ATG GAG CCT TTO OCT GTC 471 

Hi Pro Tyr Vil olu Kit Thr Uu Ar* Uu Met Glu Ara *h« Gly vil 
210 215 320 

AAA OCA GAG CAT TCT CAT AGC TCG 6AC AGA TIC TAC ATT AAO GOA GOT 7 19 

Lyi All Glu His Sir Aip Sir Tfcp Aip Arg Phi Tyr XU ttf8 Oly Gly 
32$ 230 235 
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SEQ ID No. 2 (continuation). 



CM AAA TAC AAC TCC CCT AAA AAT'GCC TAT GTT OAA GOT GAT CCC TCA 7«7 

Ola Ly« iyr tyj s*r Pro Lv* Ajn au Tyr Val Clu cly Ajp Ala Ser 
340 245 250 

AGO OCA AOC TAT TTC TTG OCT OtfT OCT OCA ATT ACT OCA COG ACT CTO 81$ 

far Ala *ar Tyr Pha Uu Ala Oly Ala Ala tla Thr Oly Oly flir V4l 
25$ 240 3<$ 270 

act era oaa oar tgt oac acc acc agt tto cxc got gat ore aao to 8*3 

Thr Val Olu Cly Cya Gly Thr Thr ft Uu Cln Oly Aap Val j pfa« 
375 380 385 

OCT SAO OTA CTG OAG ATO ATO OGA OCO AAA 77T ACA TOG ACC GAG ACT 311 
Ala Olu Val L*u oiu mc *ac Oly Aim lya Val Wir Tip T3jt Clu Tbr 
2$0 295 300 

A0CC*AAC*GfT?ACT0GeCCACC0CQgroCCA*rT0G9AMAAACAC 95* 
s«r Vml Thr Val Thr cly pro . Pro A*g olu pro Pha Cly Arg ty* Hia 
30S 310 31$ 

y CtC AAA OCO AST OAT GTC AAC ATO AAC AAG AW CCT CAT GTC OCC ATG 1007 

O i*«tt ty* Ala tit Asp Val A»a H4t Aan Itfa Kat Pro Asp Val Ala Mae 

fu 3 *° 335 330 

III ACT CCT GCT GT3 OCT OCC CTC CT? OCC CAT OOC CCO ACA OCC ATC ACA 1055 

^ Thr Uu Ala Val Val Ala Uu Pha Ala Aap Oly Pro Tfcr Ala Tla Arg 

6« 33S 340 345 350 

*tf GAC OXtS OCT TCC TOO AGA OTA AAO GAG ACC OAS AGO ASCI CPT GCS ATC 1103 

%y Aap Val Ala Sar TTp Arg Val lya Olu Tfcr Clu Arg Hat Val Ala Xla 

355 3*0 3« 

M COG ACC GAO CTA ACC AAO CT5 OCA OCA TCT GTT GAG OAA COG CCG GAC 1151 

Arg ttir olu Uu Tfcr lya Ltu Cly Ala Sar V*l Olu Olu Oly Pro Aap 
l« 370 375 380 

•fii s 

TAC TGC ATC ATC ACG CCO CCO GAG AAG CTG AAC GTS ACO GCO ATC GAC 1155 
iyr cya lie Xla Tfcr Pro Pro Olu lya Uu Aan val Tfcr Ala Ua Aap 
O 385 390 395 

H ACG TAC OAC GAC CAC AGO ATG OCC ATO OCC ttC TCC OCT OCC OCC TOT 1347 

Thr Tyr Aap Aap Hi* Arg H*e Aim Met Ala Pha Sar Uu Ala Ala Cya 
400 405 410 

GCC GAG GTC CCC GTC ACC XTZ CGO GAC CCT GOG TCC ACC COO AAO ACC 129 S 

Ala Olu Val Pro Val Thr lit Arg Aap Pro Oly Cya Thr Axg Ly» Thr 
415 420 425 430 

TIC CCC GAC TAC TTC CAT GTS CTG AGC ACT TTC OTC AAO AAT 1337 
Pha Pro Aap iyr Pha Aap Val Uu sar Tfcr Pha Val ty* Aan 
435 440 



TAA 



1340 



40 



SSQ 10 No. 3. 



AU Cly AU Clu «Xu IX* VaX Uu CXft Pro rla Lyi Clu Xlo for CXy 

I S 10 LS 

inr V4l ty# Uu Pro Cly for tys for Uu S«r Ain n« Uu Uu 
30 29 30 

Uu Alo All Uu for Clu Cly fh* tnr Vol v«X Asp a*o Uu Uu Asa 
35 40 05 

for Olu Mp Vol Mlo Tyr Mot Uu CXy Alo Uu An thr Uu CXy Lou 
50 55 €0 

for Vol Clu AU UP too AU ALi tyo An AU Vol Vol Vol Cly Cyi 
i$ lo 75 40 

oly Oly tyo fh* Pro Vol Clu up Alo iy» 01u ojXu Vol CU Uu Pho 
IS 90 05 

Uu Oly Aon Alo Oly thr Alo lut An Pto Uu Hur Alo Alo vol thr 
100 105 UO 

AUAU0^01yAoo^o»ur^vaUuAopO^TO 



25 



13$ 



An Olu Aw Pro Xlo Oly Asp Uu Vtl Vol Oly Uu tys Ola Uu Cly 
130 135 140 

Al4 Asp Vil Asp cy* Ph* Uu Oly thr Asp cys fro Pro vsl at* Vol 

14$ 150 155 1C0 

AoACiynoOlycnyUuPwO^olyl^Vollo^UuSoru^rSor 
1(5 170 175 

XI* for Sot OXa Tyr Uu for Alo Uu Uu hoc Alo Alo fro uu Alo 
X00 115 ISO 

UU Oly AOp VOl OlU XI* Olu Xlo Xl* Asp iy§ UU XI* 3*r Xl* Pro 
IPS 300 305 

tyr Vol CXu Hoc thr uu An Uu Mot CXu An Pho CXy Vol lyo Aim 
lio 315 330 

olu Hi* far A*p for Ttp A»p An po* tyr Xl* lyo oXy oly olo Ly» 
235 330 335 340 

ty* iys Sor Pro tyo Asn Alo tyr Val CXu Cly Aap AXo Sor s«r Alo 
345 350 351 

sor iyr Pbo Uu AU Oly Alo Alo Xlo thr cly oxy thr vol thr vol 

3C0 345 370 

Clu Oly cys «ly thr thr Our Uu GU Cly Aop Vul lyo Ph* Alo CXu 



110 



305 



Vol Uu Olu Hoc Mot Oly Alo lys Vol thr trp thr Olu thr Sor v*i 
390 355 300 

thr Vul Thr Oly Pro Pro An CXu Pro Ph* oly An tyo Mio Uu tyo 
305 310 315 320 

Alo Xlo Asp V4l Asn H*t Aso lys Ms* Pro A-P V«l AU Use thr Uu 

330 335 

Alo Vol Vol Alo Uu Pbo AXo Asp CXy Pro thx Al4 Xlo An Aop Vol 
140 345 350 

AU tor IT* An v*i ty« clu thr Clu An list vol AU xlo An thr 
155 3*0 3« 

clu Uu thr lyo Uu cxy AU for vol CXu cXu CXy fro Aop tyr Cy* 
370 375 300 

XXo Xlo thr Pro fro CXu Lyo U« Aso Vol Thr AU XXo Asp thr tyr 
315 - 330 355 400 

AO* Anr His Ar« 10ft AXo Mot AXo Pho Our Uu AU AU Cyo Alo Clu- 
405 410 *1S 

Vul Pro v*l thr XXo An Asp Pn CXy Cyo thr An lyo thr Pho Pro 
430 425 430 

A«p tyr Ph« Asp VoX Uu sor thr Pho v*l tyo Asn 
43$ «0 
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8EQ 10 No* 4. 

CCATO OCCCGCCCCCAOGAOATCGTOCTGCAOCCCATCAAGGACATC 4? 
Alt Gly Alt Glu Glu Xle Vtl Uu Ola Pro He Lye Glu lie 
IS 10 

TCC<^AeCQtCJU»CX6CCC0QSICCJUtfTCGCTttCCAACC0QAtC $S 
Ur oly Tlur Vtl Lyi Uu pro Oly ser tye ser Uu ser Ain Are; »• 
IS 20 as 30 

CTCCTACTCOCCGCCCTQTCCOAOOOO ACA ACA OT3 CTt OAT AAC CTO 143 
Uu Uu Leu Ala Alt Uu 8er Olu dy ttr Ihr Vtl Vtl Ato Ata Leu 
35 40 45 

CTCAACA0TCAO0AT<«e«tWA»«C<WOCCTXaA«ACrCXT 151 
Uu Aea *er Olu Aeo vtl Hie lyr net Uu Oly Alt Uu Are Thr Uu 
SO SS 40 

COT CTC TCI CTC GAA GC0 GAC AAA OCT OCC AAA ACA OCT OTA OCT OCT 239 
Gly Uu Ser Vtl Glu Alt Aip lye Al* Alt lyf Are Alt Vtl Vtl Vtl 

45 70 75 

ggc tgt ggt oga aag tic oca ott gag gat gct aaa gag gaa gtc gag 387 
Oly cya ciy Oly Lye Phe Pre Vtl Clu Aep Alt fcy* Olu olu Vtl olu 
80 SS SO 

CTCmTroOGOMTOCTOOAAlCOCAAWCOOTCC'nOACAOCAGCT 335 
Uu Phe Leu Gly Atn Alt Gly He Alt Met Arg Ser Uu Thr Ait Aim 
SS 100 10S UO 

CTT ACT OCT OCT COT OGA AAT OCA ACT TAC OT8 OTP GAT 0GA OTA CCA 383 
Vtl Thr Ala Alt Oly Gly Am Alt lftr t/r Vtl Uu Aep Oly Vtl Pro 
11S 130 135 

AGA ATG AGO GAG AGA CCC ATT 00C OAC TSQ CXT GTC OCA TTG AAG CAO 431 
Ar? Met at? Glu Are Pro lie Gly Atp Uu Vtl Vtl Gly Uu Lyt Gin 
130 135 140 

CTT GOT OCA OAT GIT GAT TOT TtC CTT GGC ACT GAC TGC CCA CCT GTT 479 
Leu Gly Ala Aep Vtl Atp C/f Ph« uu Gly Thr Aep Cyi Pro Pro Vtl 

14S 150 155 

CCT GTC AAT OGA ATC GGA GOG CTA CCT GOT GGC AAG CTC AAG CTC TCT 527 
Arg Vtl Atn Gly He Gly Gly Uu Pro Gly Gly Lye Vtl Lye Leu Ser 
ISO ICS 170 

GGC TCC ATC AGC AGT CAG TAC TIG ACT OCC TIG CTG ATG OCT OCT CCT S7S 
Gly Ser lie Ser Ser Gin lyr Leu ser Alt Uu Leu Xee Alt Alt Pro 
175 ISO 1S5 ISO 

TT0 OCT CXT OGG GAT GT0 GAC ATP OAA ATC ATT GOT AAA TTA ATC TCC 423 
Uu Alt Leu Gly Atp Vtl Glu lie Clu lie He Aep Lye Uu lie Ser 
195 200 205 

ATT CCO TAC GTC GAA ATO ACA TTG A6A TW ATG GW CCT TTT GGT GTC $71 
lie Pro ?yr Vtl Glu Xet thr Leu Arg Leu net Glu Arg Fh« Gly v«l 
210 215 220 

AAA OCX GAG CAT TCT GAT AGO TOG GAC AM TO WC ATT AAG OOA GOT 719 
Lye Alt Glu His ser Aep Ser ftp At© Arg Phe Tyr He Lye Gly Gly 
225 230 235 
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SEQ ID No. 4 {continuation) . 

CM AAA TAC AAO TCC CCT AAA AAT OCC TAT CXT OAA OCT CAT CCC TCA 7*7 
Cln Lyt lyr Lya s*r Pro lya Aan Ala TVr Val olu oly A*p Ala a«r 
240 245 ISO 

AOC CQA AGC TAT TCC TO3 OCT OOT OCT OCA ATT ACT OGA GOO ACT CIO 91$ 
Jar Ala Sar lyy ?ha Lw AU Oly Ala Ala Xla Thy Oly Oiy Thr Val 
3S5 . 2«0 2« 270 

ACT GTO OAA OOT TOT CC5C ACC ACC ACT OTS CAO OOT CAT OPTO AAO TVS ttt 
Thr Val Olu oly eya flly «u> far t** Gin fily lap Val tyc Mm 
27$ 280 28$ 

OCT OA0 OTA CTC 0AG ATQ ATO CCA OCO AAA <STT ACA TGG ACC OAC ACT Pll 
Ala Olu Val Lay olu Mat Net Oly Ala tya Val Thr Trp Thr Olu Thr 
290 255 300 

A0e0TAACT0tTACTOCSCCO^CC0C0aOMCCATTTOC»A08JUUieAe 559 
Ut Val Thr val Thr Oly Pro Pro Arg Olu Pro Pha Oly Are ly» Kit 
30$ 310 315 

CTC AAO OCO. ATT OAT <7fC AAC ATO AAC AAA ATS CCT OAT CTC OCO ATO 1007 
::: Lau Lya Ala 21a Aap Val Aan Mac Aan lya mt fro Aap Val Ala Hat 

O 320 32$ 330 

ly ACTCrrOCTOtOOTTOCCCTCTITOCCOATOCCCaiACACCCATCAOA 1055 

hi Thr L*u Ala Val Val Ala Utu Pha Ala Aap Oly Pro Thr Ala Zla Arg 

j£ 240 345 350 

fsl OAC CTC OCT TCC TOO AflA OTA AAO CAO ACC OAO AOO ATO CTT CCC ATC 1103 

*Z Aap tfal Ala Sar trp Arg val Lya Glu Tnr olu Arg Hat Val Ala Xla 

yj 3S$ 3*0 3«5 

CGOACOOAOCTAACCAAOCTOOOAOCATCTOTrQAOOAA<X»<XaOAC 1151 
M Arg hit Clu lau Hue Lya Uu Oly Ala S«r Val Glu Glu oly Pro Acp 

* m 370 37$ 380 

m TACTMATCATCACOCCOCCOOAOAAOCIOAACOTGACOOCOATC^ 11S9 

TVr Cya Zla Zla Thr Pro Pro Clu Lya Lau Atn Val Thr Ala tic Aap 
38S 3*0 3$5 

H" ACC TAC CAC OAC C AC AOO A10 OCO ATO OCC TCC CTT OCC OCC TOT 1247 

thr tyr Aap Aap Kia Arg jfet Ala Mat Ala Pha Sar Lau Ala Ala Cya 
400 40S 410 

OCC OAO ore CCC ore ACC atg COO OAC CCT goo tgc ACC COO AAO ACC u$s 
Ala olu val Pro Val Thr Xla Arg Aap Pro Oly cy« Thr Arg Lyi Thr 
415 420 425 430 

TIC CCC CAC TAC TIC CAT CT0 CTS AGC ACT TIC CTC AAO AAT 1337 
rhe Pro Aap tyr Pha Aap val Lau sar Thr Pha Val Lya Aan 

43S 440 
TAA 1340 
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SEQ ID NO. 5 • AIa ttly AlA Oltt Glu U* VaI Utt CU fro 11* Lya Oltt 

** i s 10 " 

Thr V*l lym U» fr« «y far Ajr tw A *r Aan AW tU Utt Utt 
30 35 30 

Uu Ut Ala Utt far Clu Oy TV Thr VaI VaI Up AAA t*u Uu Am 
35 « 45 

iat w vki jiu Tyr « oiy AlA t« w oiy 

50 » W 

**r VAl Olu Ala Aap ly* *1* AIa ly* Are AlA v*l Val VaI Oiy Cy* 

dy cly 1*a fro VaI Clu Aap Ala tyj «1« clu v«l OA uu fho 

Uu Cly Aaa AIa Cly tla* AlA MS Afp. Sat Utt Ttr AlA Alt VaI Thr 



100 



105 



au Ait w «y *a* » VlX ** 2| 

*x* olu Arc fro Ha Oiy Up Uu yaI VaI «y Lao ly* 01a U« «Y 

13A 135 "0 

Ai4^v.i*ap<^fWi~ClyTteA*pg.P^ 



145 



150 



1C0 



Ma ciy xi* ciy cly uu fro cly cly tya vol lya Utt sat cly sat 



Itt 



175 



n.J^i^ciAtyrt^««JaA^U tt HA e AUMA»U«aA 



1A0 



Utt 01* Aap VaI 01* Ua Clu gt XU Aop ty a Uu xlo Sat Ha fro 



200 



Tyr VaI 01u Mat Thr l~ Arc Uu H-t «u Ar* ClY va! Ly« AlA 

210 215 *» 

cU KIa sat Aap iar Trp Aap ato Ph. T*r xu ty* ciy oiy on. tyj 
Tyr $*r fro £* aaa Alt tyr va! clu oiy up aIa *•* 



245 



255 



tyr nm Uu AU Oiy AlA AlA Xl* thr €ly Oiy t*r VAl 1» VI 
2€0 2 »> *' W 

clu Oiy eya «y Thr w tar t*u ci» dy A*p v.1 Ly. fh* aIa oiu 
275 310 

VAl Utt Oltt HAt *t Oiy AlA t*A VAl Thr ftp Thr Olo thr «AT VaI 

2S0 f 
TKr V 4l thr cly fro fro Arc Clu Pro fh* Oiy Arg W Ida uu ty* 
205 310 315 330 

AIa Xli Aap VaI Aaa flat A*a Ly* Mac Pro At? VaI AIa Ha* Thr Utt 

23$ 230 335 

AlA VU VAl AlA Utt fh* AlA Af P 01y fTO UlT AlA Ha AtW AAp VAl 
340 345 350 

Alt $*r ftp Arg VaX Lys Oltt Thr clu Ax? Mac VaI AIa I1a Arg Thr 
355 3(0 345 

oltt Uu Thr ty* uu oiy KU Ur v*i ciu oiu oiy Pro aap tyr cyA 
370 375 3A0 

T\m Ha Thr fro fro Oln lyo Uu Aas VaI Thr Ala IX* Aap Thr lyr 
305 * 350 355 400 

Acp Aap Hi* Ax? tfac Ala Hat Ala fha Oar Mtt Ala AIa QfA Ala Olir 
40$ «10 415 

Val fro VaI Thr tla Arg A*p fro Oiy ^a Thr Arg ty* Thr fho fro 
420 42S 

A»p Tyr fh* A*p Val Utt A** Thr fha Val lyt A*n 
43S 440 



8BQ ID No. 6 
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TGAGGTACGA TTCTTCCATC C7CTTTGA5T TICCTGGAAA TATXTZTICG CTGATCGTGA (0 

AACTACTO3A ATCC CT CC AT AGOTCOTACC AAA1TAGGCG ACATTAGTTT CtttlCTtOQ 120 

CCATTATCTT OTXTCTTCGC C0AA1CATCT TCCCTATAAA CAWTTAOCT TACACATCAA 180 

TCGTATACCT AOAtTICATC ACCAOATAC? t TO TT O T C T ACAAlCXCTO AAAITCTCGA 240 

TACXTTTCAC ATGTOTAAAT AGATTCTTCT TATTCGOCGA TTCTTSATTA 00GOTT3AT 300 

TTTCTTOATP ATGCQAfPOC AATTAGCCAT TPICTXTGCT TT1CTGTTGA TCTTACOATA 3 SO 

CATTCCTGCA ATTCAATXCO TATGGATCTA AATCTTCTTA ATTPSTPGAA CACATCCC 418 



BtQ ZD HO, 7. 



45 



CTCAOGCGAA CAACAOOTAT QATtTOTTC TAATTAGATC AfiSOOtTTAfl OICXTTCCAT 60 

TACWTTOUV TOTTTtnCT GTOCICTCT CCGCGA2CTC ATITTACCAC AATAGAGTTT 120 

c qoomroT cccatocag tttcaamta juocnccoic ttwaaott gctgsajcga tao 

TAAACC7QTG AAOATT5AG? CTAGTCGATT TATTCGA1UA TCCATTCTrC ATOGTOTTT 240 

TCTXGCTICO jU C TPCT C TA TAACCACAJT TCICTOWT0 COATWTCAT TACCTAOCCG 300 

TGTATCGAGA ACTACCGTIT TCGACTCAAT TTOOOOCCTP TOOTTATAT dttttTCGAT 3*0 

AACOATTCA* CTCOATTAfiW CTnTOAGW CXWSTXTA GTATXCCAAT TICTTCAAAA 420 

TXTAOTTATS CATAATGAAA ATCCCCAATT GACICTXCAA TOSCTOTtt AATCCGCAOA 480 

TCCCOQttfflC TGCG 494 



